Introduction
============

Simulation Training in Emergency Medicine
-----------------------------------------

Working in emergency medicine is characterized by constraints that constitute a high-risk constellation: need for situational assessment and decision making as well as initiation of appropriate emergency measures under time pressure, often under adverse external conditions and, at the same time, with little or no fault tolerance \[[@ref1]\]. In the continuing education and training of emergency physicians, simulation therefore plays an ever-greater role than in other contexts. Usually, complex full-scale simulators with audio-video systems and extensive emergency equipment are required for the training of emergency physicians \[[@ref2]\]. Initial studies report very high appreciation by the participants of the practical relevance, preparation for real-life emergency missions, and learning effect of this kind of training within the German Emergency Medical Services System \[[@ref3]\].

Virtual Reality Simulation
--------------------------

Virtual reality (VR) is increasingly used as simulation technology in emergency medicine, in particular for training nontechnical skills \[[@ref4]\]. Experimental studies conducted with health care professionals, where training in VR is compared with traditional training media, often demonstrate the equivalence or even superiority of VR regarding learning or training effectiveness \[[@ref5]\]. Highly immersive VR (ie, VR supported by VR glasses) enable spatial positioning of the users in a virtual 3-dimensional (3D) simulation environment and the feeling of being present in the VR. A high level of experiencing presence correlates positively with variables for learning or training effectiveness \[[@ref6]\]. These immersive VR situations are capable of presenting visual information in a more realistic, 3D manner, either by providing a truly immersive experience or by presenting standardized and repeatable environments and patients that are otherwise not accessible, safe, "tangible," or ethical. In the near future, immersive VR could be integrated regularly into existing simulation training as a complementary arrangement \[[@ref7]\]. However, media use factors can also reduce perceived training effectiveness (eg, perceived usability) \[[@ref8]\].

Objectives
----------

The goal of this feasibility study was to gain initial insights into the training effectiveness of a highly immersive multi-user VR simulation environment. Our intention was not to advocate VR simulation training as a replacement for traditional simulation training, but rather as a complement for training nontechnical skills (eg, clinical and procedural reasoning). The issues investigated in this study were: (1) How do emergency physicians assess the overall training effectiveness? and (2) How do they assess further media-specific variables influencing training in VR, such as the experience of presence, usability, cognitive load (CL), VR sickness, and intrinsic motivation?

Methods
=======

Project Background
------------------

In the EPICSAVE (Enhanced Paramedic Vocational Training with Serious Games and Virtual Environments) project, a highly immersive room-scaled, multi-user, 3-dimensional simulation environment was developed for the team training of emergency medical services personnel as a complement to traditional simulation training. The higher-level learning goals were to improve clinical reasoning, procedural reasoning, and cooperation in the team \[[@ref9]\]. Within the VR training environment, acquisition of practical skills (ie, insertion of intravenous cannula) is neither intended nor technically possible. Following early evaluation studies with future paramedics \[[@ref10]\], the system was used with emergency physicians to validate the transfer to higher levels of expertise.

EPICSAVE VR Simulation Environment
----------------------------------

For team training with 2 participants, the hardware equipment consisted of 2 sets of VR glasses with integrated headphones (head-mounted displays; HTC Vive Pro), 4 input devices (HTC Controller) for the selection of menu items or for activating and moving objects, and 2 PCs for controlling the simulation. The interactions between the training participants were transmitted to the VR in real time by means of a motion-tracking system and were executed by their virtual representatives (avatars). This enabled collaborative activities in the VR (eg, handing over virtual equipment). The trainer monitored the actions of the participants in the VR via the PC monitors ([Figure 1](#figure1){ref-type="fig"}).

![Two training participants equipped with virtual reality glasses and input devices.](games_v8i3e18822_fig1){#figure1}

An integrated virtual patient (VP) represented a multitude of vital parameters and symptom characteristics, which went beyond what can currently be represented by commercially available high-fidelity simulators ([Textbox 1](#box1){ref-type="boxed-text"}). Intravenous infusions or oxygen supplies emptied in real time according to the selected settings. The control of vital parameters and symptom characteristics could either be automated by the trainer using so-called presets or exercised "manually" via an easy-to-use editor. At the time the evaluation was performed, the VP was not yet equipped with language recognition and output, which is why answers from the VP were provided by the trainer off-screen.

###### Symptom characteristics and measures of the virtual patient.

**Controllable symptom characteristics of the virtual patient**

-   Psychomotor condition

-   Vital parameters (level of consciousness; respiratory rate, depth, and pattern; pulse rate and force; capillary refill time)

-   Pathological breathing sounds

-   Swelling of skin and mucous membranes

-   Exanthema

-   Urticaria

-   Cyanosis

-   Perspiration

**Diagnostic and therapeutic measures**

-   Change of posture

-   Undressing

-   Monitor-based measurements (electrocardiogram, noninvasive automatic blood pressure, pulse oximetry, temperature, blood glucose)

-   Clinical examination (inspection, palpation, auscultation)

-   Administration of oxygen

-   Application of infusions and medication (eg, inhalative, intravenous)

-   Defibrillation

The VR system recorded the training sessions. Important diagnostic steps or therapeutic interventions were automatically recognized, displayed to the trainer in a window on their PC monitor, and presented in chronological and systematic order for the debriefing.

Sample and Study Design
-----------------------

### Sample

The 18 participating emergency physicians (14 men, 4 women) for the field study were recruited from the Clinic of Anesthesiology of the Heidelberg University Hospital following a hospital-internal written and verbal call for participation. The mean age of the participants was 36.6 years (SD 7.1 years). The mean years of practical experience was 6.4 years (SD 7.1 years). None of the participants had experience with a highly immersive VR simulation environment prior to training. They were informed about the specific emergency scenario within the training session during the briefing phase. Exclusion and discontinuation criteria for participation in the one-group pretest and posttest design study were VR sickness symptoms such as discomfort, headache, or nausea.

### Emergency Scenario

The virtual emergency scenario was anaphylaxis grade III \[[@ref11]\] with shock, swelling of the upper and lower respiratory tract, and skin symptoms in a 5-year-old girl (VP) visiting an indoor family amusement park ([Figure 2](#figure2){ref-type="fig"}). This clinical scenario was chosen because studies have shown that the potentially life-saving epinephrine therapy prioritized in the guidelines is very often carried out too late or incorrectly in practice \[[@ref12],[@ref13]\]. Furthermore, pediatric emergencies are associated with very high levels of emotional stress for emergency medical services personnel \[[@ref14]\].

![The virtual patient in the virtual environment.](games_v8i3e18822_fig2){#figure2}

### Training Session

The VR training was based on the basic principle of simulation-based training \[[@ref15]\]: briefing and VR familiarization phase (approximately 20 minutes), training (approximately 20 minutes), and debriefing (approximately 15 minutes). The team consisted of 2 physicians, while the concrete composition of the team was random. The training session was led by a VR system administrator and an experienced Advanced Life Support and Crew Resource Management Training Instructor. The central task during the training was to make a clinical decision regarding working diagnosis and therapy using the widespread Airway, Breathing, Circulation, Disability, Exposure (ABCDE) method and SAMPLER (Signs/symptoms, Allergies, Medication, Past medical history, Last meal, Events prior to incident, Risk factors) scheme while obeying the principles of effective teamwork and team communication. As part of the debriefing phase, immediate feedback for each team was given specifically on the working diagnosis, procedures for communication and teamwork, and epinephrine dose administered.

Data Collection
---------------

### Measurement of Training Effectiveness

Perceived training effectiveness was measured with the Training Evaluation Inventory (TEI), with the variable values ranging from 1 to 5 \[[@ref16]\]. In addition, pretest and posttest scores of declarative and procedural knowledge were collected. The knowledge test (see [Multimedia Appendix 1](#app1){ref-type="supplementary-material"}) consisted of 20 multiple choice questions on declarative and procedural knowledge regarding the current guidelines for prehospital diagnosis and therapy of anaphylaxis \[[@ref11]\], with a value range of 0-20 according to the multiple-choice typology of Krebs \[[@ref17]\]. The validity of the content was checked by 4 emergency physicians with clinical and teaching experience. A higher score corresponds to a higher level of knowledge \[[@ref17]\].

### Measurement of Clinical Reasoning Skills

We integrated a checklist into the VR training system as an internal embedded assessment system with the following performance data: completeness, order, and time of the ABCDE method; time until the diagnostic decision was made; time until the decision to administer adrenaline; and doses of adrenaline. Not all performance parameters could be recorded automatically due to technical problems with the VR tracking system. Therefore, some data had to be entered manually during the training. Unfortunately, we were unable to ensure that this manually entered data was precise or recorded in a timely manner. This poor reliability prevented us from using this assessment data.

### Measurement of Additional Variables Regarding Media Use

The Igroup Presence Questionnaire (IPQ) was used to measure the experience of presence, with the variable values ranging from 0 to 6 \[[@ref18]\]. The System Usability Scale (SUS) was used for measuring perceived usability, with the variable values ranging from 0 to 100 \[[@ref19]\]. Perceived CL was measured with the scale by Klepsch and colleagues \[[@ref20]\], with the variable values ranging from 0 to 7. The scale measures different aspects of cognitive load, namely intrinsic (ICL), extraneous (ECL), and germane (GCL) cognitive load. The mean values for ICL and GCL should normally be higher than those for ECL. The ECL captures the extent to which trainees engage with learning-irrelevant information during training \[[@ref20]\]. VR sickness was assessed with a single modified item from the Simulator Sickness Questionnaire \[[@ref21]\]. The item for assessing pretest and posttest VR sickness consisted of the question: Do you feel general discomfort (eg, symptoms such as tiredness, headache, nausea, dizziness, or difficulty with visual acuity)? The possible values were: 0 (not at all), 1 (little), 2 (perceptible), and 3 (strong). Pretest and posttest intrinsic motivation was captured with the Situational Motivation Scale (SIMS), with variable values ranging from 4 to 28, where a higher score corresponds to a higher level of intrinsic motivation \[[@ref22]\].

Once the participants had been briefed and their consent had been obtained, the pretest was performed. Immediately after the training, the posttest was performed. For the primary data set of pretest data, see [Multimedia Appendix 2](#app1){ref-type="supplementary-material"}; for the primary data set of posttest data, see [Multimedia Appendix 3](#app1){ref-type="supplementary-material"}.

Data Analysis
-------------

The data were collected in pseudonymized form and analyzed and stored in anonymized form. Bivariate and linear correlation analyses were the primarily forms of analyses. Pretest and posttest changes were assessed by means of the corresponding significance tests in accordance with the methodological literature. Regarding statistical and analysis software, SPSS (version 19) and G\*Power (version 3.1.9.2) were used. The significance level for a type I error (α) was set at .05.

Ethics Approval and Consent to Participate
------------------------------------------

The study protocol was approved by the Ethics Commission of the Medical Faculty of the University of Heidelberg, Germany (no. S-646/2018).

The participants were recruited from the Clinic of Anesthesiology of the Heidelberg University Hospital following a hospital-internal written call for participation. They were informed in writing and orally, and their written consent was obtained for the study and for publication of the study results.

Results
=======

Training Effectiveness
----------------------

Participant-assessed training effectiveness (TEI) resulted in a mean score of 4.38 points (SD 0.41 points). The knowledge test performed right after the conclusion of the training revealed a small, nonsignificant increase in knowledge compared to the baseline value ([Table 1](#table1){ref-type="table"}).

###### 

Comparison of pretest and posttest knowledge test results (total score range, 0-20).

  -------------------------------------------------------------------------------------------------
  Sample   Pretest, mean (SD)\   Posttest, mean (SD)\   Statistical comparison                
           \                     \                                                            
  -------- --------------------- ---------------------- ------------------------ ----- ------ -----
  n=18     14.72 (1.74)          15.50 (1.77)           t~17~=1.79               .09   0.42   .50

  -------------------------------------------------------------------------------------------------

^a^Two-sided *t* test.

Variables of Media Use
----------------------

Concerning the experience of presence (IPQ), the overall mean score was 3.79 points (SD 0.56 points). In terms of the relationship between the experience of presence (IPQ) and the TEI subscales, a significant correlation was observed mainly for the training effectiveness dimensions "Subjective enjoyment," "Perceived usefulness," and "Attitude towards training" ([Table 2](#table2){ref-type="table"}).

The bivariate correlation analysis revealed a large, significant correlation between experience of presence (IPQ) and perceived overall training effectiveness (TEI): *r*=.53, *P*=.01. In the linear regression analysis, a comparably large effect could also be seen: *R*^2^=.240, *F*~1,16~=6.368, *P*=.02, *f*=.56.

Participant-assessed usability (SUS) resulted in a mean score of 65.56 points (SD 14.54 points). In terms of the relationship between experience of presence (IPQ) and usability (SUS), a significant correlation (*r*=.44, *P*=.03) was observed.

The assessment of CL yielded the following results for the respective subdimensions: ICL (mean 3.75, SD 1.31), GCL (mean 3.74, SD 1.36), and ECL (mean 4.39, SD 1.63).

The pretest (mean 0.44, SD 0.51) and posttest (mean 0.44, SD 0.86) scores for VR sickness (modified item from the Simulator Sickness Questionnaire) were identical. Only one person scored his or her sickness as a 2 (perceptible), and one person scored his or her sickness as a 3 (strong) after the training, but neither of these participants had to stop the training because of VR sickness.

Compared to the baseline value, intrinsic motivation (SIMS) increased significantly after the training ([Table 3](#table3){ref-type="table"}).

The bivariate correlation analysis revealed a strong, significant correlation between experience of presence (IPQ) and situational, intrinsic motivation (SIMS) after the VR simulation training: *r*=.62, *P*=.003. In the linear regression analysis, a comparably high effect was visible: *R*^2^=.344, *F*~1,16~=9.931, *P*=.01, *f*=.72.

###### 

Correlations between the Igroup Presence Questionnaire (IPQ; total score range, 0-6) and Training Evaluation Inventory (TEI) subscales (total score range, 1-5).

  TEI subscales                   Mean   SD     *r*   *P* value
  ------------------------------- ------ ------ ----- -----------
  a\. Subjective enjoyment        4.67   0.40   .43   .04
  b\. Perceived usefulness        4.25   0.69   .52   .01
  c\. Perceived difficulty        4.71   0.37   .11   .34
  d\. Subjective knowledge gain   3.76   0.75   .39   .06
  e\. Attitude towards training   4.43   0.47   .54   .01

###### 

Pretest and posttest results of the Situational Motivation Scale (SIMS; total score range, 4-28).

  Sample   Pretest, mean (SD)   Posttest, mean (SD)   Statistical comparison                
  -------- -------------------- --------------------- ------------------------ ----- ------ -----
  n=18     20.18 (4.62)         22.39 (3.42)          t~17~=2.60               .02   0.61   .52

^a^Two-sided *t* test.

Discussion
==========

Principal Findings
------------------

The highly immersive virtual simulation environment enables dynamically changeable, realistic, and 3D visualization of different clinical environments and VPs from different perspectives. To get initial insights into the potential for using this VR system for simulation training, in this feasibility study, we evaluated the perceived training effectiveness and assessed further media use variables. The results regarding TEI were above average, meaning that the new VR training was not perceived as inferior.

We observed a strong, significant correlation between experience of presence and perceived training effectiveness. The values measured by the IPQ showed a rather high degree of presence experience by the training participants. A high experience of presence is highlighted in the literature as an indicator of highly interactive media, an indicator of systematic cognitive engagement with the contents of the virtual environment, and an important predictor of experience-based learning \[[@ref6]\]. This immersion potential allows decision making and taking action without any of the disruptions or influences that may affect traditional training situations \[[@ref23]\]. Nevertheless, the comparison between the pretest and posttest showed no significant difference regarding the results of the knowledge test, nor was there a significant correlation between the experience of presence and the posttest results for the knowledge test.

In our study, we found a strong correlation between the experience of presence and situational, intrinsic motivation. On the one hand, this may be due to high covariance caused by the novelty effect. On the other hand, a more recent study assumed a strong influence of the experience of presence on affective-emotional learning goals \[[@ref8]\]. A comparison between the pretest and posttest results showed that VR training led to a significant increase in intrinsic motivation among the participants.

The total mean score of the SUS was 65.56 points. According to the interpretation scheme of Bangor and colleagues \[[@ref24]\], this value corresponds to a sufficient to satisfactory rating. Some users had problems particularly with real body movement, caused by the VR headset cables. Wireless VR headsets, which have become available in the meantime, will probably reduce this problem in the future. In particular, the results for the assessment of the CL dimensions showed a higher value for ECL than for ICL or GCL. This is most likely due to usability issues, which can lead to a kind of split attention effect when trainees focus their attention on both the virtual and physical worlds \[[@ref25]\]. Makransky and Lilleholt \[[@ref8]\] used a structural equation model to analyze the interrelationships between VR features, presence experience, usability, learning processes, and learning results. In their analysis, they were able to show that usability influences the presence experience as well as the cognitive learning processes and therefore also has indirect and direct influences on the learning results. These findings indicate which fields should be addressed in the future to achieve overall improvement of the VR training system.

Limitations
-----------

This feasibility study comprised a small sample of experienced emergency physicians who, by participating, expressed great interest in innovative training methods. A cross-sectional, one-group pretest-posttest design has many limitations regarding internal validity. As this VR simulation training was used only in the context of a first-time and one-time test phase, the results reported in this paper provide only a statement about this specific training duration.

A comparison of our results with other, similar studies appears problematic; due to the current variations in the configurations of VR technologies and methods used in studies, no comparable context of application could be referenced \[[@ref26]\]. In addition, the use of subjective assessments as the primary outcome variable is associated with lower validity than the use of objective variables \[[@ref27],[@ref28]\]. Furthermore, in future studies, validated assessment tools for nontechnical and clinical reasoning skills should be used instead of knowledge tests, which only measure declarative knowledge. These tools should take into consideration the specificity of VR simulation (eg, as a VR embedded assessment tool) \[[@ref29]\].

Female participants were underrepresented in the sample, but this corresponds to the low percentage of women among German emergency physicians \[[@ref30],[@ref31]\]. Bangor and colleagues \[[@ref32]\] were able to show in an empirical study that there is no significant connection between gender and SUS scale values. Saredakis and colleagues \[[@ref33]\] found no gender difference regarding VR sickness when using head-mounted displays. Nevertheless, in further studies, additional variables related to personality traits of the media users should be included in the analysis. The following variables should be considered: visual skills, cognitive skills such as spatial intelligence, openness towards new experiences, and immersive tendencies \[[@ref34],[@ref35]\].

Conclusions
-----------

As in previous evaluation studies with paramedic trainees, experienced emergency physicians assessed the virtual simulation training similarly with regard to its perceived effectiveness. In development projects where innovative educational technologies are being designed and tested, it is important to continuously measure the specific media use factors in addition to the variables for determining training effectiveness. With respect to the further development of the VR system, usability problems or technical problems should be resolved and analyzed in a more differentiated manner. Technological factors (eg, tracking, field of view, latency) that enable interactivity of the user in immersive VR have a strong negative influence on the experience of presence, CL, and performance \[[@ref36]-[@ref38]\]. In terms of research methodology, follow-up studies with control groups and a longitudinal crossover design should be initiated.
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3D
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:   intrinsic cognitive load.
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